Fault-Tolerant Static Scheduling for Real-Time Distributed Embedded Systems by Girault, Alain et al.
Fault-Tolerant Static Scheduling for Real-Time
Distributed Embedded Systems
Alain Girault, Christophe Lavarenne, Mihaela Sighireanu, Yves Sorel
To cite this version:
Alain Girault, Christophe Lavarenne, Mihaela Sighireanu, Yves Sorel. Fault-Tolerant Static




Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de





























ap por t  

de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Fault-Tolerant Static Scheduling for Real-Time
Distributed Embedded Systems






































































































































































































































































































































































































ú°û(üKýíþﬁﬃﬂsý "!# òëíõ$ % ëíðNòô& ß('ëíõWðNë ò(÷nì) óð)
*
ú°û(üKýíþﬁ
+&-,.,. /ÌêWðGëíìGßGï0WêW÷0 1`ò2ÎòðN÷nõWõS÷3'ëíõSðNë ò" óð
465






Unite´ de recherche INRIA Rhoˆne-Alpes
655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN (France)
Te´le´phone : 04 76 61 52 00 - International: +33 4 76 61 52 00





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ﬀﬂ N!JZJXUﬀrUN % ﬃ9&ﬀ%R1ﬀ%   "<QPﬀ
 
UNQVﬀﬂ































































































































































































































































































































































































































































































































































































































































































































































tH ﬁ!JZJZﬀﬂﬁ!Vﬀﬂ Qrﬁ\ NPﬂMﬀﬁﬃﬂaﬀM 
  "!
PN!\ZPﬀﬂF]^ﬁ!J JZ	
ﬀﬂﬁ!Vﬀﬂi]!ﬂ-! r#FPNZﬀ%   " ﬂ-"#

HMﬀﬂﬁ\%$H 8NJK U K"K  " rﬁ!lﬀON "ﬁA!ﬁ!#1]H



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Ð Õ#lÕ« ¬ Ñ 


























































































































































































































































































































































































































































































































































































Byzantine Agreement, Clock Synchronization,
Failure Detection and  Fault  diagnosis,
















































































































































































































































































































































































































































































































































































































































































































































































































































































  «  7+













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































  ª Ô §7 Ð 
E 






Uﬀﬂ]!# ﬁ!r#F "PK% ﬃ&ﬀ%Ri &'Uﬀ%  AJ    "ﬃ&Fﬀ%RP
ﬁ! Aﬀ%Q\ﬁV<lN



























































































































































































































































































































































































































































 a,`  4klb8> ﬁ\f-e  9klg Q? S{Zf-L4e"klb8c4
 Ô G¬ Ð
E





































































































































































P % ZN$VﬀﬂNM"SN!#_ " $H NP "!ﬂ-_# Vﬀ%JKX!##@ﬁPH \KAN\#








































































































































































































































































































































































































































































 a, ~[~[~ ~[.jfenQ?"d80 Łf6947
¦4¨U¨  l© Ô 
E
 9!Fﬁ! <Vﬀﬂ K"  "8 &'Uﬀ%  AJ3&< 7  "ANN!N!ﬀ&F"N9DNK" ﬁ!PN!NP!N





























































































































































































































































































¡ p ¡ peµí¤
(












zut|z- »dÆ Æ+ Æ














































































































































































































 a,  ~[~[~ ~ecd nQ?4c?"g9e"4 Łf694
 Ô G¬ Ð
E
ﬂa$Hﬃ  " "Pﬀ%$PN K"3rﬁ!UN!N!N  JX&'!#

QVAN%)&N 5N\NrﬁPﬀﬂ!#ZQ ﬁ!J JZ	

































































































































































































































































































































































































































































































































































































































































































































































































ﬀ%RS } &@Uﬀ%% J N !ﬁﬀ  =!# N  #@Q	*) ﬂ &<  #ﬀONU
Uﬀﬂ]!#




#  JX]!Ped  #ﬁ!1QJXVﬀﬂﬁ\%$H  #ﬀONU







  " #ﬀONU
Uﬀﬂ]Vﬀﬂﬁ!N!Vﬀ%
N9tNVﬀON"!Hﬀ%'&3  "[!$	QVﬀ%JK ﬁ\"NUVﬀ%ﬂNM #
Q PQd "PUJXP5"Pﬀ%	N!QM rﬁ!UN!N3"Pﬀ%$PNM=]PHKJX\"NﬃK"5Uﬃﬁ!J"N
ﬀﬂ!ANUﬀ%'&












































































































































































































































































































































































































































































































































































































































































































































 " #ﬀ%# K"Iﬁ!J JZﬀﬂﬁ!Vﬀﬂ JX\ﬁ! "ﬀONUJ















































































































































































































































































































































































































  Z  "Xﬁ!NP

Pﬁ!UN  " JX #ﬀ%'& "Pﬀ%$	L#F!ﬁ

















































































































































































































































































































































































































































































































>@?4AﬂBﬀ.2#G6.ﬂ/C3  /ED 6"\FF ﬀ2#G;)=
%
AHIKJ









  / D "
7























































(öKò-ßN÷ﬁßGêW÷ íëíìGßGì>ïó 	òõSöWëíöKò-ßG÷òõSöì 	²êS÷öSô&í÷nöï0(÷ðNò-ßNëíïÎõSìE
 )l
	 .$#6 F  
	 .2#ame%76n5o"
  1	'.2#p+%76.F   


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































F E F  !ßNêS÷
7

































































































































































































































































































































































































































































































































































































































































































































¡ p ¡ peµí¤
(












zut|]z »dÆ Æ3 Æ

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 "5UõWë ßNë òíë0/n÷ßGêW÷ íëíìGßGìsïó8	òõSöWëíöKò-ßG÷òõSöì 	NêW÷nöWô&í÷nöï0(÷nð²ò-ßGëíïÎõWìE
  
	 .%6F"   
	 .%6.F  















































































































































































































































































































































































































































































































¡ p ¡ peµí¤
(














zut|z- »dÆ Æ+ Æ





.-peµí¡ peµí¡e¤ µí¤ µí¤ p ´µ ¤ ´µ  µ y p
.¡]µ
(






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Y% ﬀ ?A% "r8ﬀ%' A@A%,
DPt








































































































































































































































































































































































































jﬁ ﬂ5ﬂn ", 









































































































































































































































































































































































































































































































































































































































Ep¿W ÙQW1L:HG1H-N7O	W DP'­&W Ù}Z































Unit e´ de recherche INRIA Lorraine, Technopoˆle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS L `ES NANCY
Unit e´ de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unit e´ de recherche INRIA Rhoˆne-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
Unit e´ de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unit e´ de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
´Editeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
  	


  
ISSN 0249-6399
